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(57)Abstract 

PROBLEM TO BE SOLVED: To improve the problem such that a 
synthetic method for a nanotube such as a laser deposition method 
and an arc discharge method is unsuitable for mass synthesis and 
caused much impurities such as an amorphous carbon, or the like, 
and at the same time, to improve the problem such that the catalyst 
metal stability in a synthetic temperature, the structure control of 
the catalyst particles and the particle size control at heating are 
subjects to be improved in thermal cracking method. 
SOLUTION: This invention provides a production method for a 
monolayer carbon nanotube which is characterized by gas phase- 
synthesizing the monolayer carbon nanotube by the thermal 
cracking of a hydrocarbon gas, by delivering the hydrocarbon gas 
together with a carrier gas onto a base substance which is obtained 
by dispersing and supporting catalyst particles to a heat resistant 
porous support 
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[B*3S5] BfttEisf^^-f Mi, Si0 2 *JJ:VAl203 
H8#*6] Mi, Si02*5<t^AI 2 03 

**** 

S1O2/AI2O3 <D*;istt& 1 0«-L-e*>*i 
1 75 m 6 O V ^4x*^8E<ft 

?9Ki««>i&**!/Cv^ - feflMK* 7 lcE*£ 

*-^^tyfa-y^w x soot^-hTifc* 



(2) 2002-255519 
[Sft#Sil 2] WB*?U4fiff»i. ttEttJKIWtt-T-o 

^#fi^o. 1 -2o*t%<Dm®?mz>z> i t t raw 

^ *Tft 36*0. 2 - 5wt%<D|SI3 rt^ * C t £ t ^ 6 18 
*3ai75£l 2 ovW^Et©*!*-*^ y f 

[ff*«l 4] 8ttE*S*-#^/^a-^fe§aifi 
70 i-S*fiRKtt?*0»«ttV mU WE** D Ttfx&XU 
mtfomi xnffi&teZti^ti, xxV ml/min. YxBml/m 
in-C£>9, ttBx miir 1 . y mirr 1 <Z>«Sfflas, 1/100^x^ 
1, 1/1DOO^yS1/5-CfcSC.t*:W»ki"*BI*JJ(l75 

[tB*«i 5] «rts^r-vyr^^*5j:t5«rtB«fb** 

1«fE«fc7k*:#*:feJ:0<*ir y T# *a*lt9ES*-bl£i£ 

^1 ^ - y t / f a - ^ (75fi^ft 0 

[I8#>5 1 7 ] fftjfcJS 1 7bm l 6 ov^i**t^o*tfelc 

i\ J: OS* b< Ji0.01TorrJ£TF, A^lttktemmX&IAQ 
0^^, «t 9M*U<ii2000 < C^-hJ-i-5wi:^m 

[0001] 

[3g^JSih5ft**F#iH *^0^fi> ^-^^^/^-^ 
[0 0 0 2 1 

[0 0 0 3] «sjBt«r«v^T«fb***^«rl»»lll 
50 t^wiiat) ^^-^$rMiti-S??ft^« 
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3 

(cvDfe) t,%*stt-c^5. j»»<wfettt, m& (S 

1^6. J»»WifeJwB8L-Ctt. TE<&J:5fc:fciRa*ifeS. 
[0 0 0 4] H.Dai fete, Chem. Phys. Lett. 260 (199 
6) 471lc*5^-C. fttt? (fumed) -J-tftsfc-hCillo 

Lt, 1200 t C-e-^b^^^^1200sccm»KLri^ffl 

[0 0 0 5] A.M.Cassel fete, J. Phys. Chem. B 103 
(1999) 6484lc:l3V^ T /u S -f/is V *> (O^j rf ]) y 
K*#- h*tiftJ:lcFe/Mo«tt^fcfi»LrT#fc»5l5 
*r*3S#-KWe«LT, 9<XTC-C * *■ 6000cm 
3 /min^Ur2~45^ra^i-S- tl-cto-C*.®^^-- 

[0 0 0 6] J.-F. Colomerfete, Chem. Phys. Lett. 3 
17 (2000) 83l;i*$V>T, 'lMb^^*V9A»*±liCo, 
Ni, Fet L< »4^r^«-fr(Co/Fe)»tt-?-*rffl«pUr-et 
fc»*&*£#-KU:K«L-C\ 1000t:T>^W** 
^^^^75ml/min/300ml/min^U-C10^ra»4#-r5w 

[0 0 0 7] ftflFg* 3 0 4 4 2 8 0 ^JLte&fcfc 

m&i&mt (400-1000^:) lt, *-7$>>i-s^^-z/ 

(**?U WI, ^J§telE££;h/C^fc^) Sr**-C# 
[0008] 4mm*i 1-1191 7#^a^ri, th* 

200nm) Oj£»^, ttfflEfcfcSFe, Co*5j: t/Ni 
'>4<tt)-a^I^Lt, ^X^CVDfetcJ; 

[0 0 0 9] 

v^o ^3K#fe^****vS¥JB*-#>^ 
1.2nmaS0^o^^^ o ^ 0 

[ooio] *fi8taftic*3tt<5« 
[0 0 1 i] ±i2o^@$r«?^:-r^w 

£ <z> -e t s * - * / *- * - zf<om^m 
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[0 0 12] 

[ooi3] wtucjzo-c, ^a, ^tii^u^^y 
^T**Li4a<*<o»7Li::#tta» $ n/tteja^aaaa 

[ooi4] ±iao*s*— ^^y^-a-^ojuig* 
ctv^ ♦a.ttattra:-**^ K ^y**a#, 

[0 0 15] J:tBO*JB^ — jK>-*-y^a— 

fctcijs^-c. -if^-Y MilHRttfr^ur^TtJ:^. 

i?*-^ Hi, Si0 2 JocfctMl 2O3 £r^, SiO 
2/AI2O3 0^e/utk^5Jei-LT$?o-C^<tv\ 
H£L<te, if^^W Mi, Si0 2 *3cfctMl203 £^ 
Si0 2 /AI 2 03 M-A^Hs** 1 OJ^Ji-C^oTt.t 

30 [0 0 16] JilB^JB^-TK^y^rL-^oMa*' 

»te^^#7L^a»:o^7L^®-oa^> *5j:V/*fc 

i*a«citr*tf*JKo«*W:, (ItWIifcJiotfft) 
tLXtJ:v^ «jBt»tt^-<z>*?Ltta*ojW?L«B5 

«>i&*tt, ^««r^i:07L^a^ 4 i:^^SI#^4 1 ^ 

[0017] ±taoJ|iji*-*>-*-y 
•^y^^-yo^^s^. soor^Jb-e^o-ct <t 
[0018] ±!B(7>*g^-^v^y^zr-y<o©ig^ 
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[0019] ±&<nmm*-tf>i-s^~-7(D$ii&jj 

It x.yr«J£<**La«H WZ-Ks RJE*O*8WS600 
Omltf)**, y T^^oatfidM50ml/min, fitfb** 
#*<oa£&an<Wmin<9£ # % x=1/40 min- 1 , y=1/600 m 

in-'rfca) TfctK y r^^*s«tu!K{b7K*^^ 

[0 0 2 0] *fc % BUOJBHtt #-#>"*V^-:/ 

feet, miBS^-^>^/^^-^o^^^|c. » 
H*EE4:1Tori\ £ 0 3* L< 1*0. 01Torr£TFx *>of& 

&m&m&mx:&±* «t l< i*20oo < c&-hici- 

6. 

[0021] cMcijxtf, Hfcjfctur js*ftH«MS# 
[0022] utmvfcm** txmwa *mm\z**^x 

it saiiis^Bj^-cfo^o-c, ^-^^^y^^^^ 

[0 0 2 3] ;itf>«fc?lc, *»M^J: 0a«<&»ofci£ 

SPM (Scanning Probe Microscope) ©JSMWi LT£jPig 
l-fflffll"* i t aft* pT*-C*>5, 
[0 0 2 4] 

[*W£>3ltfi0>»«] [Utt^ffi 1 ] Hilt *3§91<£> 
Xlfi^ffll Jw«fe5*»^y^aL-^ (SWNT) ^j£3£g 

8"*»e>fc3«***l, WE* 2. (El 
[0 0 2 5] Z(omW:^m^^ft^-^>^y zfco 

htt»»5k*5iE#- uc**, a«u?i (* 

£*)m7£<n&t> (#J;tft i^10- 5 TorrJ^_h) £T«BE 

^ (Ar, N 2 «) lc£5;tf*S&£fiE;*SBg$:#*i5A 
SfcttfcSM&ftfMWl:: J: oTfr 5. t/u^-^v 
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*\ #tt<b»H« (fc^xtfAr, H2 , N2 *fc»«r*to 

t-c, «*tf#jsa«j^TTfc*600X: 
fca«su 30#«»i-s o -frtitaa^oji-a 

«rffV\ *«a*fc:«LfcB»A-t\ i: ^L»K5>— flkB* 

fffl^-tyr^ CfcfcxtfAr, h 2 , u 2 i£ftn*tit><D 

[0 0 2 6] fc*3, ±fE#*T#JI;*-#;^/^- 
70 ^*«#jjl'BriBttifcW:, K. Mukhopadhyay^*^ Chem. P 
hys. Lett. 303 (1999) 117KlB«ft£ixT^a. K. Mukh 
opadhyay<blt 600, 700 e C"C (D&f&m&mft LTV ^ 0 

*»H#e>»t htm, auk* -firdtaavfetta 
<D&&m (cvo) 8fe-c-fr«i-*ictt, soot^Jb^Kaa* 

[0027] jbeajait iMr^^-a-^-friaaaEte 

j: or, aa* ^i^\*7\s^-*^iy^^&&Vf<Dm 

7L^»»fi»$ixfe«a***filta*^*3V^rt>Sc3ejc# 

[0 0 2 8] ft*S, *tJ"jft — Ltlt *BI7La*S3n 

Aflefcllt BJIM*M?rt-9-f K ##*L#(FSM:Fol 
dedSheets Mesoporous Material), *P&Wtf#%t&#-tZ> 

[0 0 2 9] SJftttOI*;*-^ hfc Ltll SI02/AI 

[0 0 3 0] *£^ig&#i-6&{bT/u^~r>A±: L 

tit #ic xv^ 3 ^mmmvnhti^x ^> 

[0 0 3 1 ] #?L^S(^i: Lrii, r Of&l^, » 

ri:^r^5c 

[0032] ftfeffi* urii, ^icpK^^o^i* 
*t><artt*<, Ric^*i©Aaa^attii*fflv^r 

fcW«ft3»*^#e>ix6o *fcttfflti:Lr, Fe, Co*$<D 
mTtXmm* Fe/Co, Ni/Co, Mo/Co, Ni/Fe*or7c^te 
50 «t, ifctt, Fe/Mi/CoOH5c*ttlKSrfflv><5CiA5-e* 
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0.1-20wt%##* L< , L<tf\ 1-10nrt%mS 

[0 0 3 3] fcfe&te. fii^tft^O^r % *%tta*o 

[0 0 3 4 ] £K&&tt<nmK& 
tii&m, JZJdTXs #*<D®m&&Wtlz±%.LX%L&b 

hm<tki>^frtomfrftmh%:<>x\<^z>i><D$:m-ro je 

=> v«rl»5fei- S if ^«BBJM*ttJ £^*f * - £ &X £ 

sri:*«ai*s. «ffi#-&<b»«*#jffli-*»£\ 

(BS#«aS : 31. OX:. ES#JE^ : 72. 9^lff ) W_h^ 
m^VZs 35-300r. TS-SSO^EElcr^ -LfS&JE 

«tt#«tt£;tf*fbLrBfc*LfcO% % 

[0035] &mzmi^m<t*x#x<D&mti:mtt, 
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>\ -&<b^*> wfc#-e* 
So 

[0 0 3 6] £*-fcSfc^ Lfc. ^^^m^^-^JO'^y 

[0 0 3 7] JKTI-*lfi*lB 2-6t UT. «fc D 

[0 0 3 8] [XtK«tt2] »fSM£YSH?*-7>r 
(My —SI ; HSZ-390HUA. S i 02 /A 1 2 03 ^u-tt: : 200) tc, 
tt«&*<b#4to (Iron CI I) Acetate. Cobalt(ll) Aceta 
te Tetratydrate) «rfflvvT\ Fe/CottfflESr-tf^7-r 

20 -*>'^$r600 < C, 30^x Ar#IS^1^ff (Argftl: : 120m 
l/min) icTtTo^o *Oflfe, ^ta*37k* (800^, 8 
BOX:, 900*0 l:tMU^ Ar/C 2 H 2 #IS£l1$UE (Ar/C 
aHz^ftS : 150ml/min/10ml/min)-C30^^S^tf o 
(MEM** ^^SrSiSS^ffifflfta (TEM) 

^K/u (^) -Mb l,X900X:x (D&rfL 

$rfF^U^^m, 5-10wt%O**»K«6«:#1-^wi:^ 

[0 0 3 9] [»H3]MYSft7^F^ 
(iy-» ; HSZ-390HUA. Si0 2 /Al 2 0 3 ^:;utb : 2 0 

0) Id, ttMEAJRfb-fr* (Iron(M) Acetate, Cobaltd 

1) Acetate Tetratydrate) €^fflv^r, Fe/CoteJ&Sr-fcf*- 

40 ^■u^-^>'^$:6(X) < C, 305^. Ar^ffl^imffi (Ar 

MM : 120ml/min) ^TtTo^i 0 *Stffla3*flS 

(800^:. eBor, 900^:) Ar/c 2 H 2 #ia5i 

mjE(Ar/C 2 H 2 cftft : 150ml/min/10ml/min) T30^^^ 

m&rf^^o &&m&. &&m*& : &n*jm.&, (te 
m) rasuu^ ±r^^ias^-e, 

a -^/<yh> (K) d5««$nyt 0 -^Ji:bT900 
■C-CeO^^mSria 4 1^1% K 
/KD^d«^J*U, A/*ftt***ttt*» 

50 [0 0 4 0] *«©«mTlf5Ci"C*8 ' 
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$#Slc#f 5 -^oiR*ftflFtt«r^^5 7 

tt«O$«W0.1-2(hirt%ottH**»*L<. 
tt«o**»i0.2-5wt%o«SH**J:?)»*L 

>^^^^-yO7K^0^/K#t^^r?^Lfei^m> 5-1 Owt 

[0 0 4 1 ] [XttT&ffi 4 ] SB!fti£Y§!-tf ^-7 h 7<9 
(SV-fi ; HSZ-390HUA, Si0 2 /Al 2 Oa ^uifc : 2 0 

0) Id, teflt&Jli{b£-«i> (Iron (I I) Acetate, Cobalt (I 

1) Acetate Tetratydrate) «rffll*-0 Fe/CottlBtSr-tf^ 

U ^u-<-^> ^4:600*0 30# x Ar9B«1«CS'(Ar 
Sftfi : 120ml/min) KTfTofc. -£<7)& x -&f&m&2fcm 
(600*0 900*0 fcT#i&U Ar/C2H2#H*1*ffi(A 
r/C 2 H2 gttfi : 150ml/mln/10tnl/min) T^SI^W (10 

30#, 60#) ££*TiiX^£fttiyL*: e 20 

[oo42]H6i±, g&Aos^w (#a>*n) tux* 

*l«tefifi (B9iB#S:*MS:»<) cofifiifc) 

(*fit«aa6oot:. 900*0 £^1-^7 ^-e^s. 

ifc&S^W (MW) £*B*tifcfi («-^/3cB* 
M»w43«tSiR**#««FM60^^^Jt2>J|X»Sr»2|ifc L 

rtt^b) <o®& (-frrtiwttooo 900*0 t*-*-*'? 

^Tfe^o £G>J:5fc, ^aS900r"C 
tt. *«#IB30»rtt*riR*tt95%«±"C*>D, -frfiSW 
IW*s»30»-C#**s»5ff^T L-CV>Sw£#fe)&>5. 50 

[0 0 4 3] immi&msl FSN&* «5W#fcJ:0fls 
SI : »?L«2-3nm) fcFe/Cote«*:*a» Lfc. «Kfl>$* 

^ttlBt»*€rE«L, T/U^-^^SreOOO 3«J\ A 
r#fflft1*UE (ArSfcWrthflEft: 120ml/min) fcTffo 
^Jfcmff 3*1)1 (800*0 850*0 900*0 lc 
»1U Ar/C2H2j*Bft1*UE (Ar/C2H 2 at§ : 150ml 
/min/10ml/min) ^30#JR&3g£rtTofc 0 f&&m&. -fr 

i£»&aiam^s»fli ctem) -emssL*:^^ ±x 
a$n^o — «fc u-csoor-co-frfigo^sriasi^ 

#tt€r»<BLfc*S*. 5-10wt%O7K*fa»l6S:#fSd 

[0 0 4 4] [HSS^1B6] «SWI»{b7^;£9 
OB9)*££9fHH : *ffl*L«2-3nm) leFe/CottjK 

*>^£600*O 30fl\ Ar»B«1*UBE (Ar£*:teN2 gff 
S:l20ml/min) fc-CfTofc. -toft, ^taS37k^ (8 50 
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00*0 850*0 900*0 fcTjUaLT. 30#, Ar/C 2 H 2 
SBftlftflE (Ar/C 2 H 2 8Ea : 150ml /mi n/1 0ml /mi n) T 

(TBI) -eMlLfci:;!^ it(Z)^MS*tt"C, * 
Jf^-y^o-K/u (X) ifiWL* Stilt. w9LT# 

[0045] si± s *ima>mm*— 

Srtft^L*:, &ld x *»W<^»*Sr»BEi-Sfc*Oittt 

[0 0 4 6] WRHSfeYSl-tf^-f h»* 

(iV-fi ;HS2-390HUA) lc, MdKAflftM (Irond 
I) Acetate. Cobalt (I I) Acetate Tetrahydrate) Srfflv* 
■O Fe/CoflUK «rtt* * 9 -f h*»?U::ffl»Lfc. ftfeffl^ 

^rix^20wt%mffiLyt e 
-Klc«tti»*«rB«U ^^-^>^fc600O30 
4>.Ar#H«1«ffi (Ar«4 : 1 20m I /m in) KTfTofc. 
^Og, ^fi£?aS37K* (800*0 850*0 900*0 
lit, 30#, Ar/C2H2#(Sfa1£UE (Ar/CaHiSE* : 150 
ml/min/10ml/min) -CSft^S^tT^o^o fR^S^, -fr 
«»SraiS«^K««L (TEM) taSLfc^:^ 

fed* 5. wa»o«iii*»fe«d*-e«)S^*Ji^a— 
[0047] [jttfeM2] &ni±&&t Lxm-e*? 

<< h»* (mv-SS^ : HSZ-320NAA) ^r^V>, Yffi-tf^9 
-f M&*^Fe/Cott«Sra»Lfe. h 
ldftfcttH»**rEltL, ^U^c-^v^teOCrO 305^, A 
r^H^1$C)i (Ar*fettN2 8K* : 120ml/min) l-Tffo 
^ e ^(D^ s ^taflf37KflS : 600*0 700*0 900*Oc# 
lit, 30^, Ar/C 2 H 2 *l?ffl^1^£E(Ar/C2H2a£S: : 
1C»ml/min/15ml/min)^flft^S^ffoyii 0 f?ft^S^, * 
fi£«bSrSiaST-H»ft (TEM) -CflUR Lfc i d 

LT700*Cro^O^mtria 1 Old^-To 9 
00t:TfcmJB*-#^/^*-^tt»BStt*d»o 

[0 0 4 8] ^-frjftlCffiV^ 
5o 
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[0 0 4 9] [JS«BBffi7] m$M!k&JL1±&»bLXm 
»<DBHRH*i?;*-9-< Y1&mts #fflf*UE0.01Torr.2000 

t\zx v&&£tiiz c mint. 
i-;T~"-7<Dm®Mm.*m»m, (tem) «-cfo6 0 # 

[0 0 5 0] 

So 

im i ] ^^(ommmm i y?-*.- 

^ (SWfJT) #A3KBO«EI»«^:BIT«>% 0 
[EI 2 ] *&W<Dmi&tem 2 OjSJag^rfe^ J; otM 

[S3] *%^o«MS 2 o©ig^(ci: vX&m, 
(TEM) ^^^-TElTfc^o 
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(TEM) &*7Fi-mv*>z>o 

[I2l 5] ««o«ii:»t5»if' a -y«)t[W 

[EI 6] MfcMiMnfcttVaHtt teriaUMTC, 9 

[SI 7] IRftLS^n&tB^iKfioMlffi (*ffi«aS600 
t:, 900*0 ^t^77tfc6o 
70 [0 8] 5 Olig^&l: J: o 

(TEM) «Sr*ria-C«>5. 

[El 9 ] HsttM 1 oBifcfrSsfc cfc o T^fig^nfc* - 
#yt/fa-^©S»Hfi»i (TEM) 

[121 1 0] &&m2<D&mxm\z£<>x&f££tiiz* 
^^-^(Dm^mm^mmm (tem) »^ 
-j-is-es><£>. 

[Hi 1] SRfttS(-«l:5»f»tt^^^^ K©B**Srtf 
20 ofctt^^-jK^y^aL-^oaiflffltt^K** (TE 
M) &-Cfc5 0 

1 2 ^ff. 3 



l] 



2 
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[E12] [(a 3] 
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[El 6] 



[H7] 
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^ 200 
* 150 
ft 100 
50 




20 40 60 

£j£B#FiI] (min) 

[El 8] 



20 40 60 

^fifcirM (min) 
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[Hi 01 




m 1 1 1 
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